In 1941, two bacterial strains were isolated which produced a substance that was bacteriostatic, and, in larger doses, bactericidal, for both gram-positive and gram-negative bacteria (17) . The cultures appeared to be identical, except for the asporogenous character of one of them, and the antibacterial substances also seemed identical (15) . Because of the toxicity of the material, the study was discontinued. In 1960, it was noted that aqueous solutions of the substances stored in the cold for 12 years were essentially undiminished in activity. Moreover, dried material stored for 17 years at room temperature had undergone no loss of titer when tested for minimal inhibitory concentration (MIC) against Staphylococcus albus 3895 and Escherichia coli 4850. Because of the stability and broad activity of the antibiotic, the investigation was resumed. Its production by a nonsporulating bacillus is of particular interest in the light of recent reports. Bernlohr and Novelli (2) found that bacitracin was produced by Bacillus licheniformis only under conditions of sporulation. Balassa, Ionescu, and Schaeffer (1), working with B. subtilis Marburg, and Jann and Eichhorn (Bacteriol. Proc., p. 13, 1964) , using B. circulans Q19, found antibiotic production associated with the metabolism of spore formaton.
New lots of antibiotic were prepared, purified, and assayed for antibacterial and antiviral activity and toxicity. These preparations were produced with 4205, the nonsporulating culture.
This report also includes some of the findings with earlier preparations from 4205 and from sporulating culture 4204 (4) .
MATERLALS AND METHODS Isolation ofcultures. Culture 4204 was isolated from garden soil; 4205 from soil from a river bank. Both strains were initiated from colonies producing wide clear zones of inhibition on plates heavily seeded with staphylococci. Both were alike in cultural and biochemical characters, except that 4204 produced oval spores, whereas 4205 was nonsporulating on all the media used, and, while both grew profusely in Sauton's medium (3), the pellicle produced by 4205 was thicker and more wrinkled and gelatinous than that by 4204. Nathan Smith, U.S. Department of Agriculture, who kindly studied the cultures, was undecided as to whether they should be considered as intermediates between B. macerans and B. circulans or part of the B. circulans complex. He confirmed the nonsporulating character of 4205, but found it otherwise identical with 4204 and to be classified in the same species.
Isolation and fractionation of antibiotic complex. For the source of crude antibiotic, flasks containing 175 ml of Sauton's medium solidified with 1.5% agar were seeded with 6 ml of culture 4205 grown for 24 hr in Sauton's medium. After 5 to 12 days at 36 C, the growth was removed and extracted at pH 3, first with methanol and then with 80% methanol. The pooled extracts, adjusted to pH 6, were distilled in vacuo until a translucent gum separated from the aqueous concentrate. Both phases were antibiotically active. The gum was thoroughly extracted with water at pH 7.0 to 7.5, and the water-soluble and water-SHAW, BROWN, AND MARTIN insoluble fractions so obtained were worked up separately. In the course of purification, solutions of active fractions were prepared for the next step by concentration in vacuo to the aqueous phase, which was then lyophilized.
In principle, the water-soluble material was purified by repeated chromatography on alumina columns and separated into two components by countercurrent distribution (CCD). After 370 transfers, the faster fraction, designated antibiotic 4205A, was separated from the slower fraction, designated antibiotic 4205B.
The yields were 46 and 30%O, respectively.
The water-insoluble gum was treated as follows to give two fractions that were less well separated. After passage through one alumina column, the active material was completely soluble in water at pH 2.4 and was processed similarly to the water-soluble (neutral pH) material by chromatography and CCD. After 245 transfers, a fraction designated antibiotic 4205C was incompletely separated from a trailing shoulder that was designated 4205D. The yields were 68 and 16%, respectively.
Column chromatography. Alumina (Fisher 80 to 200 mm), washed with 0.1 N HCI until the pH of the slurry was 4.0 i 0.3 and then with water until the washings were free of chloride ions, was slurried with a mixture of 1-butanol, 1-propanol, and 0.1 N HCl (1:2:1) and was packed in a tube (40 X 600 mm) with fritted-glass base to a height of 45 cm above a layer of cotton. The column was washed with 400 ml of the above solvent; the flow rate was 2.2 ml/min. The antibiotic powder or gum dissolved in a minimal amount of the same solvent was put on the column and eluted with that solvent. In a typical run, 2.25 g of powder was dissolved in 30 ml. Eluates of 10 to 40 ml were collected for analysis.
Counitercurrent distribution. A 60-tube all-glass recycling apparatus (H. 0. Post Scientific Instrument Co., Inc., Middle Village, N.Y.) was used. All solvents were redistilled. In each tube was placed 10 ml of each of the two phases of the solvent mixture 2-butanolisopropyl ether-0.1 N HCI (2:1:3) (11). In a typical run, a solution of 900 mg of antibiotic material in 30 ml of the aqueous phase was initially distributed in the first three tubes. Distribution was followed by frequent analysis of the aqueous phases.
Paper chromatography and bioautography. The organic phase of the system 1-butanol-acetic acidwater ( Spot bioassays. Column eluates and the aqueous phase in the CCD tubes were tested for antibiotic activity by spotting 0.01 ml on strips of Whatman no. 1 filter paper, drying thoroughly in air, and bioautographing the papers.
Quantitative ninhydrin test. Column eluates and the aqueous phase in the CCD tubes were tested by the ninhydrin method of Moore and Stein (13) .
Amino acid analyses. For a typical hydrolysis, 2 mg of antibiotic was dissolved in 0.5 ml of 6 N HCi, and, after flushing with nitrogen, the tubes were sealed in vacuo and heated for 24 or 48 hr at 110 C. The dried hydrolysates were taken up in water or in 4.5 ml of citrate buffer (pH 2.2) and chromatographed qualitatively on paper or quantitatively on columns (18) . The six amino acids found were confirmed by comparison with authentic samples.
Detection of nonamino acid moiety. For hydrolysis, 80 to 200 mg of antibiotic was suspended in 5 ml of 18% H2SO4, and, after flushing with nitrogen, the tubes were sealed in vacuo and heated for 24 hr at 110 C. The hydrolysates were repeatedly extracted with ether, and water was removed from the extract by freezing. The ether was removed by spontaneous evaporation, and the remaining oil further dried in a desiccator over Drierite.
Ultraviolet absorption. Spectra of 0.25 or 0.1% methanolic solutions of materials were obtained in a Beckman model DU spectrophotometer.
Infrared absorption. Spectra of 1-mg samples in 200-mg KBr discs were obtained with a Perkin-Elmer model 21 spectrophotometer. The spectra of the ether extractives of acid hydrolysates were obtained with smears on the KBr discs.
Optical rotations. Rotations of 1% methanolic solutions of the materials in a 1-dm tube were read in a Rudolph photoelectric polarimeter, model 200.
Molecular weight determinations. Molecular weights were calculated by the ultracentrifugal method of Archibald (14) on November 2, 2017 by guest http://aem.asm.org/ Downloaded from comparable titers of the final products, S. albus 3895 and E. coli 4850 were the test strains. An amount (0.5 ml) of antibiotic, serially diluted in sterile demineralized water, was pipetted into test tubes, followed by 2 ml of the test culture (an 18-hr beef extract-peptone broth culture diluted to 1:250 in similar medium to give a dose of approximately 106 organisms per milliliter). When erratic results were obtained with cotton-plugged tubes, sterile unplugged tubes were used and sealed finally with a strip of transparent tape (Scotch tape). Tests were incubated at 37 C for 24 hr.
Brain Heart Infusion (Difco) was used in tests for the antibacterial spectrum. The minimal bactericidal concentration (MBC) was determined by streaking blood-gar or other suitable media with fluid from tubes showing no growth. The effect of serum on the MIC was tested by adding it to the medium to give concentrations of 2, 5, or 10%.
Test cultures were stock laboratory strains of grampositive or gram-negative bacteria. One strain of Soccharomyces cerevisiae was used. The antibiotic was further tested on strains of Pseudomonas aeruginosa, S. aureus, E. coli, Aerobacter aerogenes, and streptococci, received as variously resistant to streptothricin, polymyxin, streptomycin, penicillin, bacitracin, subtenolin, or chlortetracycine, and the results were compared with those of the respective parent strains.
Toxicity. Toxicity was determined for mice, chick embryos, and various cell lines grown in tissue culture. Antibiotic in saline solution was injected intraperitoneally into mice weighing 20 g. The material was injected as graded doses into 7-to 9-day embryonated eggs via the allantoic, amniotic, or yolk-sac route. Tissue cultures, covered with 0.9 ml of maintenance medium, were inoculated with 0.1 ml of suitably diluted antibiotic and were observed for cell damage daily for 1 week. Tissues included monkey kidney, HeLa, chick embryo, bovine embryo kidney and skin, human intestine (Henle cell line) grown on glass, and human uterine tissue grown in plasma clot. The bovine embryo kidney and skin were established cell lines received through the courtesy of A. S. Coxsackie A-2, No. 51162, treated and control virus, was inoculated into the yolk sac of 7-day embryonated eggs. After 1 week of incubation, embryos were harvested, and 20% suspensions were prepared from legs and wings and were tested for virus by injection into suckling mice. (Chick embryos infected with large doses of this virus show obvious effects of the infection, but virus may also be present in embryos before they show gross evidence of pathology.)
The egg-infectivity titer of control and treated influenza virus was determined by harvesting the allantoic fluid from inoculated eggs chilled after 48 hr of incubation. Fluids were tested for hemagglutination of chicken red cells.
RESULTS
Physical and chemical properties of the antibiotic. Antibiotic 4205 appears to be composed of at least two active components, 4205A and 4205B. 4205C and 4205D are considered to be the same as A and B, respectively. They were obtained as creamy-white to light-yellow amorphous powders that decomposed at 200 to 220 C. As HCl salts, all were readily soluble in methanol, less soluble in higher alcohols, and least soluble in water. A, B, and C were all levorotatory:
[ mj.i(Ellm 5.68, 3.63, 7.00, respectively). In the infrared region, absorption typical of polypeptides appeared at 3,265 (NH stretching), 1,650 (amide I), and 1,525 cm-' (amide II). 4205D, which was less well separated than the others, was not analyzed.
Antibiotic 4205 is heat-and acid-resistant, withstanding autoclaving at 120 C for 20 min at pH 2.0. In basic solutions, it is unstable: in 0.0001 N NaOH, the activity decreased gradually, 4205A and 4205B retaining 20 to 25 %, and 4205C, approximately 50%, after 4 weeks at room temperature; and in 0.01 N NaOH the activity was lost within 5 Antimicrobial activity. Table 1 gives the antimicrobial spectrum of antibiotic 4205A when assayed in Brain Heart Infusion. The results with 4205B and 4205C were similar; therefore, they are not tabulated. Also shown is the MIC for certain cultures assayed in beef extract-peptone broth; the effect of the medium on the estimated titer of the antibiotic is evident. Comparing the two media by plating mixtures of antibiotic and culture showed a more rapid bactericidal action in the beef-extract medium. Heated horse serum, and, to a greater extent, calf serum, increased the MIC; the increase was relative to the concentration of serum present. By plating test mixtures for viability, the sera were shown to delay the bactericidal action.
In experiments which included earlier preparations of antibiotics 4205 and 4204, other substances found to be antagonistic to the action of the antibiotic were plant and animal tissues, hemoglobin, soil, and egg yolk. Egg albumin had no such effect.
Toxicity for tissue cultures. An early preparation of antibiotic 4205 was cytotoxic for all the cell lines tested, evidenced by granular, shrunken cells with eventual loosening of cell sheets from the glass. Samples taken during the recent purification process and the final products were similarly toxic to tissue cultures, the toxicity always being proportional to the antibacterial titer. The dose of 4205A, showing minimal but definite damage to monkey kidney with medium 199 as maintenance fluid, was 8.3 ,ug/ml. For HeLa cells, the toxic dose was 25 pg/ml. That this lesser sensitivity might be due to the serum in the maintenance fluid on the HeLa cultures was shown by adding a similar amount of serum to the medium on monkey kidney. The toxic dose for monkey kidney under those conditions was also 25 lAg/ml. Toxicity for chick embryos. Antibiotic 4205 was lethal for chick embryos by amniotic or allantoic inoculation, the LD50 being 20 gg by the former route, 75 to 100 ,ug by the latter; 500 ,ug injected into the yolk sac induced no evident harmful effects, probably because of the inhibitory action of egg yolk on the antibiotic, as noted in antibacterial assays.
Toxicity for mice. The minimal fatal dose of antibiotics 4205A, B, and C injected intraperitoneally was the same for the three preparations, namely, 12.5 to 15 mg/kg of body weight. The addition of 10% calf serum to the saline diluent did not decrease the toxicity. Earlier studies with a preparation from 4204 showed that the substance, lethal for a 20-g mouse given 0.35 mg intraperitoneally, had no harmful effects when a total of 20 mg was given in the drinking water over a period of 4 weeks, nor was there evidence of any induced changes in the fecal flora.
Hemolysis. Rabbit, horse, and human group 0 red cells were completely lysed in 2 hr by 4205A, B, or C at a concentration Of 100 ,ug/ml; 12.5 MAg caused slight but definite hemolysis. Chicken red cells were somewhat less susceptible, and sheep cells showed only slight hemolysis in the presence of 50 to 100 ,ug/ml. Table 2 14, 1966 culty, and, probably, incompletely. The evidence suggests that two of the components, 4205A and 4205B, differ chemically, namely, in the relative amounts of the amino acids present. The two components 4205C and 4205D so closely resemble A and B, respectively, that they are not considered separately. Indeed, the fact that 4205C and D required acidified water to separate them from inert gum, whereas 4205A and B were extractable with water, need not indicate any difference in the quality of the fractions, but rather that a certain amount was more intimately bound to the gum.
Effect on viruses. As shown in
Although inert materials were repeatedly removed in the course of purification, the titers of the resulting products did not seem to improve in proportion. In particular, this suggested the appearance of some artifact which was clearly demonstrated during the process of CCD. Here, oxidation of the solvent system gave rise to a nonvolatile material that contaminated the final product. It was detected on paper chromatography and TLC as a rosy-red ninhydrin spot. Decomposition of the antibiotic itself under the mild conditions of purification is unlikely, in view of its stability in solution.
In the Spinco ultracentrifuge, 4205A, 4205B, and 4205C all behaved as homogeneous materials, although this was disproved chromatographically. The molecular weights so obtained, 1,160 3.4 % and 1,440 i 5.1% for 4205A and B, respectively, are only approximate, but do correlate with the amino acid composition as determined chromatographically.
No valid empirical formulas could be calculated from the analytical data, because of the known slight contamination with the artifact; nor could they be calculated from the amino acid composition, because of the presence of the unknown fatty acid.
Antibiotic 4205 differs chemically from other antibiotics. Of the better known polypeptides, 4205 most closely resembles polypeptin (11) , with the exception, however, that the latter contains threonine, whereas serine is present in all 4205 fractions. Polymyxin D contains both of these amino acids. Like other polypeptide antibiotics, evidence was obtained for a fatty-acid moiety.
The antibiotic is considered to have a cyclic structure, since no free carboxyl groups were titrated and no metal salts were formed.
Its antibacterial spectrum shows a lack of identity with circulin or polymyxin, corresponding more nearly with that of polypeptin which also is effective against gram-positive and gramnegative bacteria (12 
